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This paper presents an economic analysis of the planting of trees on marginal lands in Ukraine for timber production,
erosion prevention, and climate mitigation. A methodology combining econometric analysis, simulation modelling, and linear
programming to analyse the costs and benefits of such aﬀorestation has been adopted. The research reveals that, at discount rates
lower than 2%, establishment of new forests is economically justified in the majority of forestry zones. Incorporating the eﬀects of
aﬀorestation onmitigating climate change increases social benefits. However, the results indicate that whilst soil protection benefits
to agriculture from aﬀorestation in the Steppe are expected to be high, carbon sequestration and timber production activities in
the Steppe are cost ineﬃcient due to low rates of tree growth and relatively high opportunity costs of land. The opportunity costs
of land are also high in the Polissja where aﬀorestation is cost ineﬃcient at 2% and higher discount rates.
1. Introduction
Forestry is multifunctional by nature, but has traditionally
been a sector of the economy whose primary objective is to
maximize profits from timber production. Today, the focus
of forestry is much wider, with evaluation of a broad range
of ecosystem services being the mainstream in forestry eco-
nomics. It is being increasingly recognised that, in addition to
timber production, woodlands contribute to global carbon
budgeting, provide biodiversity and aesthetic values, and
serve as the basis for developing local entrepreneurial oppor-
tunities, tourism, recreation, and rural livelihoods [1]. The
manifold ecosystem services do not represent a minor issue
but rather are an important precondition for diverse human
activities which predetermine multifunctionality of forests
[2]. The relative societal weight of forestry and its manifold
contribution to livelihoods are most clearly reflected in poli-
cies focusing on the development of new forests [1, 3]. Af–
forestation for multiple purposes is reflected in policies
of many countries [4] where multifunctional development
of forestry is evidenced through institutional analyses and
public opinion surveys [5] and is expressed in real terms on
the ground [6].
The origin of discussions on “what forest’s multifunc-
tionality is” and “how to manage forests for multiple pur-
poses” goes back to the 1940s. An important question is
whether multifunctionality should be considered in the ver-
tical sense, with each lot of land or forest stand fulfilling
two or more functions, or whether the term should be used
to describe a pattern of diversity in the horizontal sense, in
which diﬀerent areas are dedicated to diﬀerent functions.
Dana implied [7] a vertical interpretation of multifunction-
ality, while Pearson’s view [8] was horizontal: “eﬀective
multiple use is merely organized and coordinated specializa-
tion.” The vertical vision of multifunctionality seemed to be
dominant in the last part of the 20th century, although the
horizontal interpretation also had its advocates [9]. Bowes
and Krutilla [10], for example, argue that forestry is capable
of producing successfully a long list of outputs, many of
which are complementary in production, whereas Sedjo
questions [11] whether there is a role for specialization in
multifunctional forest management.
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In the current paper, forest multifunctionality is con-
sidered in the vertical sense [7]. Characterised in this way,
multifunctionality is seen as an economic concept, capturing
the multiple processes taking place in forests, and shifting the
emphasis of forestry away from maximising production of
material (commodity) goods towards its broader objectives,
that is, the provision of environmental services (erosion
alleviation and climate change mitigation). Climate change,
changing socioeconomic conditions, and fragile ecosystem
stability have resulted in a need for a more enlarged and
continuous forest cover in countries like Ukraine [12] and
in new, adaptive approaches to forest management [13, 14].
A suite of forest management alternatives can be ranging
from intensive even-aged management to close-to-nature
forestry, and nonintervention systems [15]. The selection
of an appropriate management system is considered to be
fundamental to implementing multifunctional forestry [16].
Multifunctionality implies that the objectives of numerous
forestry stakeholders are incorporated into an adaptive and
participatory planning process so that ecosystem services are
enhanced across the landscapes [14, 17].
Decision Support Systems (DSSs) are suitable platforms
for the integration of information, models, and methods
required to support complex forest management solutions
including those of aﬀorestation [18, 19]. With its focus
on North-Western Europe, the AFFOREST DSS seeks to
answer on where, how, and how much to aﬀorest in order
to maximize carbon sequestration and groundwater recharge
and to minimize nitrate leaching [20]. ENCOFOR gives
support on where and how to aﬀorest land in develop-
ing countries in order to combine successful greenhouse
gas mitigation with poverty alleviation and environmental
restoration [21]. The SimForTree DSS is designed to compare
diﬀerent forest management and policy scenarios at diﬀerent
spatial scales under changing environmental conditions,
particularly climatic [22]. Large-scale scenario models incor-
porating economic considerations of forest creation and
management are becoming available [23].
Aﬀorestation has been widely analysed in the literature,
and it is commonly considered by contemporary forestry
science among the most straightforward policy measures,
including those addressing climate change [24]. It is relatively
cheap (cost eﬃcient), clean (it may concurrently provide
other ecosystem services), proven (many countries have
the legacy of tree growing), eﬀective in the short-term
(providing almost immediate eﬀect after the tree planting)
and is a rather low labour and energy consuming strategy
[25]. It can be incorporated in multifunctional forest use
to simultaneously enlarge timber production and bring a
variety of other benefits [26].
The purpose of aﬀorestation entails the choice of species
to be planted, as does the location, tree-growing conditions
and other factors. Carbon sequestration positively correlates
with the growth rates of trees; it is therefore advocated to
plant the most fast-growing tree species where appropriate
or to establish short rotation plantations for the purpose
of climate change mitigation alone [27, 28]. However, there
is suﬃcient evidence that forests significantly reduce soil
erosion and prevent soil run-oﬀ after heavy rains [12, 29].
Tree plantations are still the main providers of materials
for construction and industries, and of fuel for economies
and households [30]. Forests provide multiple ecosystem
services, and in consideration of a more holistic approach to
aﬀorestation, a number of recent studies have a wider focus
by addressing several forest functions in one instance.
Michetti and Nunes [31] analyse the role of aﬀorestation
and timber management activities in stabilizing climate.
Lindner et al. [32] cover the capacity of forests to provide
economic, social, and ecological services (wood production;
nonwood forest products; carbon sequestration; biodiver-
sity; recreation; protective functions) under the impacts
of climatic change. The European Forestry Institute used
the European Forest Information (EFISCEN) modelling
approach [33] to gain insights into the eﬀects of chang-
ing management practices in forests across 30 countries
under diﬀerent scenarios [34]. The need to maintain the
national diversities that constitute European forestry within
harmonised strategies is being recognised.
Ukrainian scientists contributed to the scenario analysis
through the development of long-term predictions for their
forests. Their scenarios are consistent with the projections
developed at the International Institute for Applied Systems
Analysis (IIASA), the Ukrainian National Agricultural Uni-
versity, and the Ukrainian National University of Forestry
[35–37]. Numerous forestry studies support the idea that a
larger forest area would be attractive in Ukraine [36, 38], but
limited knowledge is available about the economics of cre-
ating multifunctional forests to address wider sustainability
objectives.
Thus, based upon both international and national studies
on multipurpose aﬀorestation, the current paper considers
the economics of tree planting in Ukraine for the provision of
timber production, soil protection and carbon sequestration
services. Firstly, “user” benefits of aﬀorestation which accrue
to two primary sectors of rural economy, that is, forestry
and agriculture, are considered, with evaluation of the role
of forests in soil protection complementing an assessment
of the timber supply benefits accruing from establishment
of forest plantations. The paper then defines key objectives
of woodlands expansion and analyses the potential for tree
planting, estimating its costs and benefits. This is followed
by a pilot cost-benefit analysis (CBA) of the establishment
of forest plantations: if aﬀorestation adds to the welfare of
society, it is economically sound. This is observed in some
areas in Ukraine, and we discuss where and why this is the
case. Finally, by considering carbon sequestration in trees
under the storage policy scenario, the paper goes beyond the
“user” benefits of aﬀorestation that accrue to the forestry and
agriculture sectors, linking the planting of trees in Ukraine to
global climate change mitigation policy objectives.
2. Background
The history of establishment of forest plantations in Ukraine
dates back to the 17th century; however, until the 1920s, tree-
planting activities were isolated and episodic [39]. The pro-
tection of land through woodland creation was considerably
hampered by economic and social conditions and then by the
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Figure 1: Forestry zoning of Ukraine Source: adapted from [39] and the records of the National Academy of Sciences [47].
shift in forest policy from aﬀorestation towards natural forest
regeneration. In the 1990s, the decreasing scale of aﬀoresta-
tion was also caused by diﬃculties of the transition process
from a command-and-control towards a market economy,
such as the lack of well-defined and ensured property rights;
shortage of investment and economic incentives; increasing
attention paid by forest management to short-term financial
objectives [40].
Nevertheless, the reforestation coeﬃcient remains at
94%; planting on forestland amounts to about 28.5 kha;
protective plantings on eroded and unproductive agricul-
tural lands total 7 kha; shelterbelt plantings total 1.1 kha per
year [36]. The necessity of aﬀorestation is stressed in the
President’s Decree [41], which aimed to reform forestry in
Ukraine, and in the State Programme “Forests of Ukraine,
2002–2015” [42]. Forestry legislation rests on the principle
of sustainable forest management, and multiple forestry
objectives are recognised by law [43].
Ukraine has good forest growing conditions and pro-
ductive forests [44]. The territory was extensively covered
with forests a millennium ago. Today, forest cover comprises
16.5%, and this is among the lowest estimates in Europe
[45]. Given that 15% of Ukraine’s territory is under extreme
anthropogenic pressures, and considering the role of forests
for environmental quality, the development of woodlands is
considered important [46]. Ukraine has a level of cultivation
of 54.8% by area and faces partial erosion on 35% of its arable
land. Annually, 4Mt of fertile soil are washed away. The
damage to agriculture from erosion exceeds 8MC [39]. The
intensity of soil erosion varies across the territory for which
the annual increment of eroded land is 90 kha. According to
the National Academy [47] wooded cover should increase to
20%, since this would alleviate spatial spreading of erosion
and its intensity.
In recent years, aﬀorestation in Ukraine has played an
important role also as a carbon dioxide reduction meas-
ure [48]. Since 2001, aﬀorestation has become an eligible
component of climate policy, meaning that over and above
emissions reduction, an enhancement of GHG “sinks”
and “reservoirs” via tree planting is becoming considered
as increasingly important. Also, as a consequence of its
aﬀorestation and sustainable forestry strategy, Ukraine could
become self-suﬃcient in wood and become a price setter
in the European wood production. This is because the
demand for wood in Europe is rising by 0.8–2.6% per year,
with Europe likely to remain a high wood cost region. The
potential niche for Ukraine’s forestry in an international
perspective is therefore its low cost of delivered wood [49].
3. Methodology and the Results
A methodology combining econometric analysis, simula-
tion modeling, and linear programming for a cost-benefit
analysis of aﬀorestation has been adopted, as described in
the following sections, which also present the results of
the research. The modelling approach is straightforward,
practical, and policy relevant. It could be easily modified,
adjusted, and applied to other cases and in other countries to
review evidence and the opportunities available with respect
to the delivery of multiple services from land use policy
decisions by assessing existing forest management options
and identifying new ones.
3.1. Aﬀorestation Potential. Aﬀorestation potential was as-
sessed across Ukraine’s forestry zones. We developed com-
prehensive forestry zoning in an earlier, separate study
(Figure 1) to provide a background for consideration of
policy measures to enhance sustainability of forest use [39].
This spatial classification divides the territory of Ukraine
into the following main forestry areas: the Polissja (Wood-
land), Forest Steppe, Steppe, Crimea, and the Carpathians,
and further divides these main forestry areas into spatial
units of lower levels of hierarchy using various factors of
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Table 1: Potential for aﬀorestation by land use across zones, kha.
Zones
State forest fund Agricultural land
Total
Ravines Sand Rocky Eroded Deflated Rocky
Polissja (Woodland) 65.0 82.0 0.5 73.7 0.7 26.1 248.0
Forest Steppe 95.0 84.0 0.6 451.6 18.3 61.0 710.5
Steppe 24.0 64.0 n.a. 669.4 40.6 137.5 935.5
Carpathians 1.6 n.a. 1.4 24.6 n.a. 143.4 171.0
Crimea 0.8 n.a. 1.8 13.1 1.8 206.8 224.3
Ukraine (totally) 186.4 230.0 4.3 1232.4 61.4 574.8 2289.3
Source. Computed on the basis of data from the National Academy of Sciences of Ukraine [47].
Table 2: Net annual returns to current agricultural activities, C/ha.
Forestry zone Forage and pasture Wheat
Polissja (Woodland) Eroded and deflated land 8.0 37.8
Forest Steppe
Rocky land 7.8 n.a.
Eroded land 10.0 52.1
Deflated lands 9.2 14.7
Steppe
Rocky land 8.0 n.a.
Eroded land 20.0 61.5
Deflated land 6.0 27.2
Carpathians
Rocky land n.a. n.a.
Eroded land 7.8 0
Crimea
Rocky land 7.0 0
Eroded and rocky 7.0 0
Source. Based on the data from the National Academy of Sciences of Ukraine [28].
land use and forestry development. The land suitable for
tree planting was deemed to include bare land of the “State
Forest Fund” (SFF, that is, public forest estate) that is under
the management of the State Committee of Forests. The
land deemed suitable for aﬀorestation also included bare
and marginal agricultural land currently used for forage and
pasture and some land used for wheat production for which
net returns are low (Table 1).
The table shows that a total area of 2.29Mha was initially
identified as suitable for tree planting. After estimating the
net present value (NPV) of aﬀorestation, this area was re-
duced, to account for land in which the opportunity costs
appear to be comparatively high (see below for further de-
tails). Given tree growing conditions and assumptions based
on interviews with forest specialists [44], pine was considered
appropriate for planting in the Steppe, Crimea and Polissja;
pine and oak in the Forest Steppe; beech, fir, and/or spruce
in the Carpathians.
3.2. Costs of Aﬀorestation. The costs of aﬀorestation of mar-
ginal and bare land in the SFF include tree-planting costs
(C100–200/ha) and silvicultural expenses (C12.5–30/ha
annum). These costs vary; but given that within each zone
conditions are relatively stable, costs are assumed to be
the same within each zone. Marginal agricultural land has
alternative options to aﬀorestation, therefore, in addition,
net returns associated with current use of land were con-
sidered. Net annual returns for current wheat production
were computed on the basis of land productivity data, costs
of wheat production, and output prices. Estimation of costs
for land used for forage and pasture was based on land
productivity, and prices which agricultural enterprises pay
for the equivalent cattle feed (Table 2).
Computation was in Ukraine’s currency Hryvnya (which
in 2007 corresponded to 0.14 C). The present value (PV)
costs occurring over 100 years of stipulated ages of timber
harvesting were estimated at several discount rates based on
[36], as seen in Table 3.
The results show that at a 4% discount rate, the PV of
aﬀorestation costs is C484 per ha on average for the country.
The highest PV of costs is in the Steppe at C609.5 per ha,
with the lowest, at C288 per ha, in the Carpathians. The
divergence in cost estimates across zones is explained by the
diversity of tree-growing and socioeconomic conditions.
3.3. Timber Supply Benefits . A sum of monetary value from
additional timber yield and monetary estimates of soil pro-
tection pertaining to arable land comprise the total benefits
of aﬀorestation (when only “user benefits” to forestry and
agriculture are considered). For themonetary value of timber
yield changes, the model multiplies estimates of a physical
crop change based on acreage in production by the price
of timber [50]. This implies that timber use and prices
are constant. Allowing in the long run for a stable average
annual timber cut of 2m3/ha (ca. 50% of mean annual
increment, MAI), about 4.6Mm3 of additional timber could
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Table 3: Aﬀorestation costs, MC.
Forestry zone
Annual costs by zone PV costs
Opportunity Planting Care and protection r = 0% r = 2% r = 4% r = 6%
Polissja (Wooland) 1.4 16.1 2.0 356.3 162.7 99.5 72.7
Forest Steppe 6.4 32.8 4.1 1084.3 486.0 290.5 207.5
Steppe 14.1 49.8 7.1 2173.3 965.0 570.2 402.7
Carpathians 0.8 7.5 0.9 177.9 80.9 49.2 43.8
Crimea 0.8 19.6 2.5 345.0 159.9 99.4 73.7
Ukraine 23.5 125.8 16.6 4136.8 1854.5 1108.8 792.4
Source. Computed on the basis of data from the National Academy of Sciences of Ukraine [28].
Table 4: Estimates of the returns from timber harvesting.
Zone Species
Stock of stands in 100 years, Returns in the year of harvesting PV returns PV returns by zone
m3/ha C/ha C/ha, MC
4% 0% 2% 4% 6%
Polissja Pine 250 1250 24.75 310.0 42.8 6.1 0.9
Forest
Steppe
pine 350 1750 34.65 612.9 84.6 12.1 1.8
Oak 350 1750 34.65 612.9 84.6 12.1 1.8
Steppe pine 250 1250 24.75 584.7 27.7 11.6 1.7
Carpa-
thians
beech 350 1575 31.18 134.7 18.6 2.7 0.4
fir 400 2000 39.6 171.0 23.6 3.4 0.5
Ukraine 2304.0 318.0 45.6 6.8
be produced, bringing annual returns of 23MC, if the
stumpage value of timber is ca. C5/m3[49].
Benefits were also computed across zones over a 100-
year period. Table 4 shows the results when only commercial
timber cut is taken into account. The following assumptions
were made: stand composition in the Forest Steppe com-
prises 50% pine and 50% oak trees; half of the Steppe is
planted with trees which would be harvested; beech stands
in the Carpathians are planted on 50% of the area, as are
fir stands. The Crimea, where forests play primarily a role in
enhancing environmental quality, timber harvesting was not
considered.
The table suggests that, at the discount rate of 0%, PV
returns from timber harvesting are 23.04MC (comparable
with the annual returns of 23MC estimated above). The
highest returns per acreage are in the Forest Steppe and the
Carpathians. However, timber benefits alone do not justify
tree planting in any of the zones.
3.4. Soil Protection Benefits. The notion that the scale of ero-
sion depends on forest cover [47] was put to an empirical test
by using a semilogarithmic regression (Figure 2). The robust-
ness of the functional form adopted was justified, and
economic attractiveness of planting trees to mitigate erosion
was then assessed.
The results of the estimation show a statistically signifi-
cant (at 1% significance level) negative relationship between
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Figure 2: Relationship: wooded cover—erosion.
the share of eroded land (E, %) and the share of wooded land
(W , %):
log(E) = 3.4653− 0.0329∗W ; or E = 31.986e−0.0329W,
R2 = 0.45(29.13) (−9.38)
(1)
The t-statistic of −9.38 suggests that the negative coeﬃcient
on W is significantly diﬀerent from 0, and with the increase
of forest cover, the erosion rates decrease. The value of R2
indicates that more factors influence erosion rates and there
is room for improvement of the model.
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Table 5: Simulated rates of soil erosion.
Wooded area (W), % Erosion (E), Ukraine, % Erosion (E), Carpathians, % Elasticity, Ukraine, % Elasticity, Carpathians, %
0 32.0 79.1 −1.05 −4.13
5 27.1 60.9 −0.89 −3.18
10 23.0 46.9 −0.76 −2.45
15 19.5 36.1 −0.64 −1.89
20 16.6 27.8 −0.54 −1.45
25 14.1 21.4 −0.46 −1.12
30 11.9 16.5 −0.39 −0.86
35 10.1 12.7 −0.33 −0.66
40 8.6 9.8 −0.28 −0.51
45 7.3 7.5 −0.23 −0.39
50 6.2 5.8 −0.20 −0.30
55 5.2 4.4 −0.17 −0.23
60 4.4 3.4 −0.15 −0.18
65 3.8 2.6 −0.12 −0.14
70 3.2 2.0 −0.11 −0.11
75 2.7 1.6 −0.09 −0.08
80 2.3 1.2 −0.08 −0.06
85 2.0 0.9 −0.06 −0.05
90 1.7 0.7 −0.05 −0.04
95 1.4 0.5 −0.05 −0.03
100 1.2 0.4 −0.04 −0.02
For the Carpathian Mountains, where the conditions
diﬀer substantially from elsewhere in the country (lowland),
the estimated equation is as follows:
log(E) = 4.3702− 0.0523∗W ; or E = 79.059e−0.0523W,
R2 = 0.5(5.46) (−3.99)
(2)
Simulated rates of erosion at diﬀerent levels of wooded cover
are shown in Table 5.
From the estimated equations, marginal changes in
erosion rates relative to marginal changes in wooded cover
rates are for Ukraine: dE/dW = −0.0329E, and for the
Carpathians: dE/dW = −0.0523E. These estimations show
the “elasticity” of erosion with respect to wooded cover.
These results indicate that until wooded cover reaches 27% in
the Carpathians and ca. 2% in Ukraine, the erosion is elastic,
that is, when wooded cover is increasing marginally, the
erosion is reduced proportionally as much. This is observed
up to the point when the share of eroded land is around
30% in Ukraine, and as far as it falls below 19% in the
Carpathians. The results suggest that if there were no woods
in rural areas the share of eroded lands would comprise 79%
in the Carpathians and 32% on average in Ukraine.
By using the results of the regression analysis, indicative
estimates of the soil protection role of forests were computed.
In the Polissja where wooded cover comprises ca. 26%, the
“elasticity” of erosion is −0.43%. This means that a 1%
increase in wooded cover leads to a 0.43% decrease in erosion
rates. A 1% increase of forest cover, that is, an increase of
0.029Mha, will mitigate erosion on 0.2Mha of land. The net
annual returns from that land were then calculated on the
basis of data from Table 2 and were considered as measures
of soil protection benefits to agriculture from marginal
expansion of forests in the Polissja. The corresponding
estimations were made for other zones, and the equation is:
X = ε · E
W
, (3)
where X is the indicative measure of soil protection benefits
to agriculture from marginal expansion of forest cover;
ε “elasticity” of erosion with respect to forest cover, that is,
1% increase in W leads to ε% decrease in E, % (Table 5); W
share of wooded land, %; E share of eroded agricultural land,
%.
Forests start providing protection benefits after the age
of 5 years, and with their gradual regeneration, forests keep
providing these benefits indefinitely [12]. These considera-
tions were taken into account when computing economic
estimates of the soil protection function of forestry for
agriculture. The potential for forest expansion was taken
from Table 1, and the assumption was made that, in
nonmountainous areas, 30% of agricultural land is used for
wheat production. Given the assumptions presented above,
the soil protection benefits of aﬀorestation for agriculture are
shown in Table 6 and are the highest in the Steppe.
3.5. Economic Analysis of Aﬀorestation for Timber Production
and Erosion Alleviation. The economic analysis of aﬀoresta-
tion was carried out at various hierarchical levels. First,
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Table 6: Estimates of soil protection benefits to agriculture.
Forestry zone
Annual average benefits, C/ha Annual benefits
Wheat Forage/pasture MC/zone
Polissja (Woodland) 7.6 1.6 0.8
Forest Steppe 33.0 9.0 11.5
Steppe 58.2 17.0 27.5
Carpathians 0 9.7 1.7
Crimea 0 12.2 2.7
Ukraine 44.2
“user” net present value (NPV) benefits of aﬀorestation to
forestry and agriculture in Ukraine were considered. The
general idea of the LP model discussed by us in detail in [44]
was to consider the establishment of future forests on bare
and marginal agricultural lands in Ukraine, in such a way
that allows the attainment of maximum cumulative NPV of
benefits from new plantations over the period of 100 years,
subject to constraints. The land available for conversion
into forest and tree species most suitable for growing in
the particular conditions, identified earlier in the current
paper, were considered, together with the following forest
management regimes. The first forest management regime
was a basic silviculture that is based on quick replanting of
trees, after timber harvesting. The second regime was that
of planting trees and the attendant silvicultural operations
recommended byUkraine forest legislation. The third regime
was that of a basic silviculture, but with the timber rotation
period corresponding to maximum sustainable yield.
Major constraints of this model are acreage. The model
implies, for instance, that in the Carpathian Mountains,
beech forests do not grow at high altitudes or that there is
no land suitable for wheat production in the mountains.
The results of LP modelling provide evidence that
under the assumptions and at a discount rate of 4%, it is
economically sound to establish monoculture plantations on
the perceived bare land in the Forest Steppe (0.28Mha),
Steppe (0.13Mha), and the Carpathians (0.01Mha). The
shadow price of bare land (245.2 C/ha) is highest in the
Steppe. Establishment of monoculture plantations appeared
to be a more economically sensible solution, with basic
silviculture proven to perform better economically in all
forestry zones. These results can be explained by the fact
that the scope of this phase of the research was limited to
user values that accrue to Ukraine’s forestry and agriculture.
The purpose was to form a basis for economic appraisal
of practical aspects of land use management decisions. The
analysis has been further extended, and in the following
section, the research is presented for a higher hierarchical
scale, so that in addition to “user” benefits of aﬀorestation,
carbon sequestration benefits in trees under a storage policy
scenario are incorporated in the analysis.
3.6. Comparing Costs and Benefits of Aﬀorestation. In addi-
tion to domestic gains to forestry and agriculture, aﬀoresta-
tion provides climate change mitigation benefits. The eco-
nomics of carbon sequestration forestry scenarios for
Ukraine as a stand-alone analysis is considered inNijnik [51].
In the current paper, economic evaluation of tree planting for
multiple purposes, including for carbon sequestration under
the storage policy scenario, is presented. The storage policy
scenario presumes a one-time planting of trees for a period
of 100 years, without accounting for future use of wood and
land [52]. The analysis was carried out across forestry zones
with maximising of NPV of aﬀorestation as the criterion. It
determines the present value of net benefits by discounting
the stream of benefits (B) and costs (C) back to the beginning
of the base year t = 0:
NPV =
n∑
t=0
Bt/(1 + r)
t −
n∑
t=0
Ct/(1 + r)
t . (4)
Benefits of aﬀorestation are expected to accrue over a long
period of time, and a period of 100 years was chosen to
capture most of these benefits and costs. In addition to
timber production and soil protection benefits from the
potential forests to alleviate soil erosion discussed earlier,
the carbon (C) uptake benefits from aﬀorestation have been
approximated using the following procedure.
The functional forms for stand growth of tree species
were estimated, using the equations provided by the authors
in Nijnik [53]. The coeﬃcients of Lakida et al. [54] were used
to translate the stem biomass into total above-ground bio-
mass. The volume of stem wood was multiplied by 0.2 tC/m3
for its translation into carbon [55]. Carbon sequestered by
the root was estimated, depending on tree species, either on
the basis of the relationships presented in Van Kooten and
Bulte [52] or in Lakida et al. [54]. Then, based on Nijnik
[44, 51], the sequestered carbon was computed across zones.
The price of 15 C per tonne of carbon was assumed to
be stable and was used to calculate carbon uptake benefits
based on Sandor and Skees [56]. The fact that an increase
in the amount of carbon credits available to buy, especially
pertaining to “hot air,” is pushing the price of carbon credits
down was not taken into account. The discount settings of
0%, 2%, and 4% were applied when calculating the carbon
storage option. The PV benefits from aﬀorestation are shown
in Table 7.
The results presented in Table 7 suggest that, for example,
in the Polissja the highest benefits would accrue from the
increased timber production and carbon uptake, whilst in
the Steppe the highest benefits would accrue from the forest
function of soil protection.
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Table 7: Aﬀorestation benefits, PV MC.
Forestry zone r% Production Soil protection Carbon uptake
Polissja (Woodland)
0 310 84 362.6
2 42.8 36.2 49.1
4 6.1 20.6 6.6
Forest Steppe
0 1125.8 1150 1255.9
2 169.2 495.6 170.1
4 24.2 281.8 23.0
Steppe
0 584.7 2750 1237.4
2 80.7 1185.2 167.5
4 11.6 673.9 22.7
Carpathians
0 305.7 170 660.7
2 42.2 73.3 89.4
4 6.1 41.7 12.2
Crimea
0 0 270 437.3
2 0 116.4 59.2
4 0 66.2 8.0
Table 8: Economic evaluation of aﬀorestation across zones, PV MC.
Forestry zone r% Total benefits Costs NPV
Polissja (Woodland)
0 756.6 356.3 400.3
2 128.1 162.7 −34.6
4 33.3 99.5 −66.2
Forest Steppe
0 3531.7 1084.3 2447.4
2 834.7 486 348.7
4 329.0 290.5 38.5
Steppe
0 4572.1 2173.3 2398.8
2 1433.4 965 468.4
4 696.6 570.2 126.4
Carpathians
0 1136.4 177.9 958.5
2 204.9 80.9 124
4 59.9 49.2 10.7
Crimea
0 707.3 345 362.3
2 175.6 159.9 15.7
4 74.2 99.4 −25.2
The results vary substantially across the territory of
Ukraine and depend upon the applied discount rates. The
NPV of aﬀorestation is positive in the majority of zones for
discount rates of up to 2%. At these discount rates, creation
of multifunctional forest plantations would enlarge social
benefits, including those of climate change mitigation, and
would add to the welfare of society. At a discount rate of 4%,
the area of forest plantations would be 1.82Mha (excluding
the Crimea and the Polissja). In the Carpathian and Crimean
Mountains, commercial timber harvesting is restricted, and
economic benefits from timber are therefore modest. Agri-
cultural production is also limited in the mountainous re-
gions. Consequently, the benefits that accrue to agriculture
from the forest function of soil protection are moderate
(Table 8).
4. Conclusions
Aﬀorestation in Ukraine, where vast areas are currently
suitable for tree planting, is seen as a means to contribute to
sustainable landmanagement and climate changemitigation.
The aﬀorestation costs are fairly low, apparently due to good
forest growing conditions and relatively low labour costs. An
expansion of forest cover is important for soil protection.
Annually, 1 ha of forest in Ukraine provides soil protection
benefits to agriculture of C1.6 to C58.2. Such a broad range
can be explained by the variety of conditions. A low share
of forest cover might be among the causes of erosion, and
planting trees is a possible measure to alleviate this, partic-
ularly in the Steppe. When only timber production gains
and gains from the protection of agricultural land against
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erosion are taken into account, at 2% through 4% discount
rates, the benefits from aﬀorestation are high in the Steppe,
Forest Steppe, and the Carpathians, where the tree planting
is economically justified on ca. 1.82Mha of land. When a
discount rate of 4% is used, economic justification of tree
planting would be limited to bare land in these zones, with a
total area of 0.42Mha.
The results are more positive when aﬀorestation consid-
erations include the rewards for climate change mitigation.
But with or without consideration of carbon uptake, at dis-
count rates lower than 2%, aﬀorestation costs are covered by
the returns in the majority of regions. The results indicate
that whilst soil protection benefits from aﬀorestation in the
Steppe are expected to be high, carbon sequestration and
timber production activities are not cost eﬃcient due to low
rates of tree growth and relatively high opportunity costs
of land. The opportunity costs of land are also high in
the Polissja where aﬀorestation is cost-ineﬃcient at 2% and
higher discount rates.
5. Discussion
In Ukraine, and many other former command-and-control
economies (to which this study would convey), large-scale
agriculture under the previous regime supported the con-
version of forest or grassland to agricultural land. Currently,
the decreasing agriculture [45] will likely cause the increase
of abandoned land. An expansion of woodlands and, conse-
quently, a rising role of forestry could therefore be predicted.
International regulations and national programmes support-
ing the conversion of agricultural land back to forest focus
largely on remote areas. Therefore, aﬀorestation projects
need to be incorporated in regional schemes of sustainable
rural development, where socioeconomic, environmental,
and climate change related components of land use changes
are to be considered jointly.
In order to be viable aﬀorestation projects need to
be coherent, eﬀective, cost eﬃcient, widely acceptable by
the public and consistent with other aspects of sustainable
development policy [28]. Numerous examples indicate that
climate policy measures will likely be accepted by the
public and will consequently be implemented, if they are
consistent with the programmes that focus on issues, other
than climatic stresses [57]. Many scholars support this
view, emphasising the “win-win” opportunities of forest
carbon projects, which may all at once provide biodiversity
conservation and rural development benefits [58]. Policy
measures then should aim the “win-win” situations, which
would benefit rural development, the environment, people,
and the economy all together.
Aﬀorestation for multiple purposes could enlarge total
benefits and prevent potential conflicts related to the trade-
oﬀs between biodiversity and carbon sequestration benefits
or between landscape amenity values and those of carbon
uptake. Although a multipurpose aﬀorestation may result in
lower rates of carbon sequestration, it is expected to be more
attractive to people, because in the majority of cases it will
provide additional benefits and promote sustainable rural
development. Amulti-purpose aﬀorestation is often seen as a
sustainable way of land reclamation and of increasing of the
productivity of abandoned land [59, 60], whilst utilization
of biomass from new plantations can provide employment
opportunities and create new options for land development,
being also a sustainable alternative for nuclear energy.
The potential for aﬀorestation in Ukraine appeared to
be significant. This allows us to argue that forestry activities
can contribute to climate change mitigation and can provide
additional social and environmental benefits by contributing
to economic development in remote regions, which are most
strongly aﬀected by the transition processes. However, new
insights are needed into the connection between climate
policies and strategies to promote sustainable forestry and
sustainable land use and sustainable rural development.
Eﬃcient and feasible forestry-based initiatives and inter-
sectoral cooperation need to be well embedded into existing
policy areas, and if flexible mechanisms are implemented,
a considerable scope exists for multifunctional land use
systems and “win-win” solutions.
In transition countries aﬀected by regional socioeco-
nomic disparities, the economic and social issues of forestry
development are particularly important in view of accu-
mulating financial assets and providing social opportunities
for sustainable policy and promarket reforms. Aﬀorestation
seeks to enlarge economic gains to forestry through an
enlarged wood production and to the agricultural sector,
because of soil protection and hydrological forest functions.
It also deemed to be beneficial in a broader sense, for
example, concerning the mitigation of climate change.
The Kyoto Protocol provides opportunities for countries
to cope with the changing climate from an economic
perspective. Its flexible mechanisms were designed to help
Annex B countries, including Ukraine, to meet their emis-
sions reduction targets at least cost [61]. It allows (non-EU)
countries like Ukraine to sell carbon oﬀsets to industrialised
countries and, therefore, raise funds needed for its forestry
sector and a wider economy. Carbon sequestration through
aﬀorestation in Ukraine could be beneficial also for Annex
B countries in view of stabilising their collective emissions in
the cheapest possible way via the trading of carbon-oﬀset ser-
vices. European investors are showing their interest to invest
in aﬀorestation projects in Ukraine. However, the potential
gains from international projects are not seen as priorities
for climate policies in either of these countries [62, 63].
Therefore, unless the necessary institutional infrastructure
is developed and the barriers for investment are identified
and addressed, Ukraine cannot expect to benefit widely from
carbon crediting.
Thus, there is a diﬀerence between the benefits of
aﬀorestation identified in this paper and the benefits for
those planting the trees. Although tree planting would en-
large social gains, welfare maximisation conditions would
hardly be guaranteed because of market failures. The prob-
lem: “who pays for tree planting and who receives the be-
nefits” can scarcely be solved in Ukraine through the market
and would therefore need to be regulated by government
[37]. It seems that government would have to justify public
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policy concerning tree planting and balance costs and ben-
efits to provide incentives for those planting the trees. Also,
aﬀorestation would have to be elaborated in close dialogue
with stakeholders and with public involvement including
in-depth consideration of various scenarios for woodlands
expansion. Such deliberative processes will increase the
capabilities of policy actors, assisting them in the delivery of
sustainability objectives to forest management practices on
the ground.
Endnotes
1. The Millennium Ecosystem Assessment [1] grouped
multiple ecosystem services into supporting services,
such as nutrient cycling, oxygen production, and soil
formation; provisioning services of food, fibre, fuel, and
water; regulating services, including climate regulation,
water purification, and flood protection; cultural/social
services, such as education, recreation, and aesthetic
value.
2. Aﬀorestation is an expansion of forest area on lands
which more than 50 years previously contained forest
but which were later converted to another use. Refor-
estation is a restoration of degraded or recently (within
20–50 years previously) deforested lands [64]. In this
paper, these terms are considered synonymously.
3. The economics of water erosion and flooding in the Car-
pathians are beyond the limits of this paper. This is on-
going research, and findings on these issues will be
discussed separately.
4. The economics of carbon sequestration through af-
forestation in Ukraine, with an assessment of the carbon
storage scenario, is considered in a stand-alone paper by
Nijnik [51].
5. In this paper, we seek to assess (also, in monitory
terms) the biophysical potential (upper benchmark) for
aﬀorestation. In practice, however, but this is beyond the
scope of this paper, tree-planting activities will be con-
strained by numerous economic, social, and environ-
mental factors (e.g., land use planning; land use change
and climatic change; economic and institutional devel-
opment; financial considerations). Further, the potential
of regulatory carbon oﬀset trading, for example, will be
limited to carbon balances, resulting from the eligible
mitigation forestry projects subject to cap, as well as
by the costs of GHG inventory preparation and usually
high transaction costs. Also, the use of NPV criteria
alone may lead to overestimation [65]. Further, in tra-
ditional forestry (where timber is the primary objective)
maximising the NPV implies a comparison of the net
benefits from postponing harvesting with the net ben-
efits from harvesting timber and investing the profits.
However, as shown by Nijnik [53], the maximising of
NPV could promote volumes of harvesting higher than
the net growth of forest stands. It follows that in search
of sustainable forestry which is also to be economically
eﬃcient the establishment of fast-growing monocul-
ture plantations would be encouraged. But this would
endanger biological diversity, health, and vitality of
forest ecosystems. Often also, this would enlarge costs
related to care and protection of monoculture forest
stands that are less stable biologically. There is a threat
therefore that in the real world situation (in conditions
of noninternalised externalities and market imperfec-
tions) as it would apply to monopurpose forestry, the
social and environmental components of sustainability
would remain undermined.
6. “Reforestation coeﬃcient” is the share (%) of reforested
land in the total area of land previously covered with
forest but that has been cut down or died (see also http://
www.ukrref.org.ua/, http://http://www.ukrndnc.org.ua
http://www.bestreferat.ru/referat-160465.html for more
discussion). According to the State Committee of For-
estry of Ukraine annual planting in Ukraine was as fol-
lows: in 1949–1965, 100000–200000 ha, in 1966–1990,
55000–100000 ha and in 1995–2005, 35000–40000 ha
per year [36].
7. These projections are based on ecological/environmen-
tal criteria, with the focus primarily on hydrological and
soil protection forest functions. These forest functions
are seen as the priorities in Ukraine, and the 20% share
of wooded cover is deemed to deliver a sustained
ecological balance.
8. However, prospects and requirements with regard to
land use changes and forest development would be
case specific and varying for diﬀerent end users, depend-
ing on their key objectives, and on natural and economic
conditions of the location (e.g., forest and soil char-
acteristics and level of erosion, climatic drivers, and
climate mitigation strategies) and in terms of the con-
tent, scope, scale, risks, and uncertainties, dynamics and
sequencing of aﬀorestation and on the range of multiple
forest ecosystem services anticipated.
9. According to the MENR [46], 1.14Mha were to be
planted with trees until the year 2010. This includes the
creation of forest shelterbelts and tree planting on steep
banks, sands, river, and reservoir banks, as well as on
eroded and contaminated land.
10. The discount settings of 2% and 4% were kept as central
in this research.
11. For example, together with the share of wooded cover,
spatial distribution and the distance between fields and
woods in rural landscapes play an important role in ero-
sion mitigation, particularly in low-forested areas, but
this is not taken into account in the model as it stands.
12. The figures onW and E are already given in percentages,
thus it is not a precise computation of elasticity.
13. In this way soil protection benefits to agriculture from
marginal expansion of forests were converted into mon-
etary values. It is assumed that the protection benefits
remain constant for all forest age classes over 5 years.
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14. Conversion of forest to row crops increases erosion by a
factor of 20–1000 [66]. Lampietti and Dixon [67] found
that the monetary value of forest function to alleviate
erosion is around $30/ha.
15. A substantial potential for tree planting and terrestrial
carbon oﬀsetting/trading has attracted attention of
foreign investors, for example, from The Netherlands,
concerning a pilot aﬀorestation project of 5 kha in
Central, Eastern, and Western Ukraine, and a project
designed to regenerate forests on lands contaminated
after the Chernobyl nuclear accident (Northern part of
the country, in Polissja). The creation of forests on these
lands will help prevent the distribution of radioactive
contamination and spreading of soil erosion [68].
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